This report is to present the progress made on the project entitled "Establishment of an Environmental Control Technology Laboratory (ECTL) with a Circulating FluidizedBed Combustion (CFBC) System" during the period January 1, 2007 through March 31, 2007. The effort in this quarter has concentrated on installing the CFBC Facility and for conducting cold fluidization operations tests in the CFBC facility. The assembly of the ash recirculation pipe duct from the cyclones back to the bed area of the combustor, including the upper and lower loop seals was completed. The electric bed pre-heater was installed to heat the fluidizing air as it enters the wind box. The induced draft fan along with its machine base and power supply was received and installed. The flue gas duct from secondary cyclone outlet to induced draft fan inlet was received and installed, as well as the induced fan flue gas discharge duct. Pressure testing from the forced draft fan to the outlet of the induced fan was completed. In related research a pilot-scale halogen addition test was conducted in the empty slipstream reactor (without (Selective Catalytic Reduction) SCR catalyst loading) and the SCR slipstream reactor with two commercial SCR catalysts. The greatest benefits of conducting slipstream tests can be flexible control and isolation of specific factors. This facility is currently used in full-scale utility and will be combined into 0.6MW CFBC in the future. This work attempts to first investigate performance of the SCR catalyst in the flue gas atmosphere when burning Powder River Basin (PRB), including the impact of PRB coal flue gas composition on the reduction of nitrogen oxides (NOx) and the oxidation of elemental mercury (Hg(0)) under SCR conditions. Secondly, the impacts of hydrogen halogens (Hydrogen fluoride (HF), Hydrogen chloride (HCl), Hydrogen Bromide (HBr) and Hydrogen Iodine (HI)) on Hg (0) oxidation and their mechanisms can be explored.
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EXECUTIVE SUMMARY
The effort in this quarter concentrated on the assembly of the (CFBC) facility components and the preparation of the facility for cold fluidization operation. The assembly of the ash recirculation pipe duct from both cyclones back to the bed area of the combustor, including both loop seals was completed. The electric bed pre-heater was installed so that all fluidizing air may be routed through it to effectively heat the initial bed material charge to a temperature well above the kindling temperature of the fuel.
During normal operation, fluidizing air bypasses the pre-heater. The secondary combustion air blower, variable speed drive and power supply were installed. Design is underway for controlling and measuring the distribution of four levels of secondary air injection. Additionally, the induced draft fan was received and installed on its machine base. The induced draft fan was connected to a variable speed drive and power supply.
Full speed operation was attained. Finally, the flue gas duct from the discharge of the secondary cyclone to the inlet of the induced draft fan and the entire discharge duct from the induced draft fan has been assembled and pressure tested. Differences in NOx reduction and Hg(0) oxidation by two commercial SCR catalysts was investigated.
Ammonia (NH 3 ) addition seemed to inhibit Hg(0) oxidation, which indicated competitive properties between NH 3 reduction and Hg(0) oxidation on the surface of SCR catalysts.
The sequence of hydrogen halogens, according to their impacts on the Hg(0) oxidation, were HBr, HI, and HCl or HF. The addition of HBr at approximately only 3 ppm could achieve 80 % Hg(0) oxidation (the baseline Hg(0) oxidation as about 30%). The addition of HI at approximately 5 ppm could achieve 40 % Hg(0) oxidation. With comparison, 40 % Hg(0) oxidation could be achieved when HCl addition needed to be up to 300 ppm.
The impact of HF addition seemed to follow the same trend as that of HCl. The enhanced Hg(0) oxidation by addition of HBr and HI seemed not to be correlated to the catalytic effects by both SCR catalysts.
EXPERIMENTAL
Installation of the CFBC Facility
Installation of the circulating fluidized-bed combustor (CFBC) facility continued during this period. The specific tasks included the following: a) All ash recirculation ducts were properly sized as to length, aligned and assembled with five thermal expansion joints adjusted to room temperature design dimensions.
b) Along with control ports, both loop seals were installed in ash recirculation ductwork. The lower loop seal is one support point for the hot ash recirculation ductwork.
c) The cold ash supply duct was properly sized as to length, aligned and assembled, along with one thermal expansion joint adjusted to room temperature design dimensions.
d) The induced draft fan was installed on its machine base. The power supply and variable speed drive have been connected and the fan was tested at full speed (with intake blocked) with satisfactory results.
e) The pressure gauges and manometers were received for the initial measurement of the forced draft fan discharge pressure, wind box pressure, differential pressure across the bubble plate and pressures along the riser sections and flue gas ducts, all as preparation for cold fluidization operational tests.
f) The flue duct components from secondary cyclone to induced draft fan inlet and from the induced draft fan discharge were received and assembled.
g) The flue gas tempering valve was received and will be installed near the induced draft fan inlet to maintain the temperature at the fan inlet less than 700 °F and to make optimal use of fan performance curve.
h) An in-line 36 KW electric air heater was installed in one of two combustion air ducts supplying the wind box and is used to convey heat to the initial bed charge, increasing it to well above the kindling temperature of the fuel to be utilized.
During the bed pre-heating phase, the main combustion air duct is closed by an actuated valve, thus forcing all fluidizing air to pass through the heater. This valve is opened after bed pre-heating is completed to provide less restriction to primary combustion airflow. n) The cooling water treatment system was designed and the raw water supply for treated water system has been constructed. The reverse osmosis unit was ordered
Delivery is expected by May 1, 2007. on test boiler, the schematic of the experimental set-up and quality assurance and quality control (QA/QC) of mercury measurement can be found in previous studies (1-2). The average temperature of the SCR facility in this study varied between 620 o F and 690 o F, which was dependent on boiler loads when tests were conducted. The residence time of flue gas inside the slipstream reactor was controlled at about 1 second. When the SCR catalyst was loaded, the space velocity (the ratio of volumetric gas flow to catalyst volume) was set at 3600 hr -1 . Commercial honeycomb SCR catalysts were provided by two commercial vendors. The pitch sizes and cell numbers are 7.6 mm and 18x18 for Catalyst #1, and 10 mm and 15 x 16 for Catalyst #2, respectively. in the slipstream reactor ensured good mixing of additives and the flue gas. All additives were injected through several ports below the mercury sampling port at the SCR inlet, thus leaving this sampling port unaffected by the additives. In this study, the concentrations of the individual additives or spike gases in the flue gas were controlled at ranges of 0 -300 ppm for HCl, 0 -9 ppm for HBr, 0 -20 ppm for HF and 0-15 ppm for HI.
Characterizations of
RESULTS AND DISCUSSION
Hg(0) oxidation in the SCR may occur through two processes (2-6), 1) homogenous oxidation, which occurs in the gas phase, and 2) heterogeneous oxidation, which occurs ppm and is comparable to that of chlorine (100 ppm on a average), as indicated in Table   1 . The effects of spike HF gases on Hg(0) oxidation during tests in the empty slipstream reactor and SCR slipstream reactor are shown in Figure 3 . In both cases, HF additions showed a positive impact to increase the Hg(2+) present in the flue gas when burning PRB coal, however, the capability of HF addition on the Hg(0) oxidation seemed limited.
Results were very similar to the Hg 
CONCLUSIONS
During this quarter, the following progress was made:
a) The installation of CFBC Facility has continued. Assembly of all hot ash recirculation ducts and cold ash supply ducts, including both loop seals and all expansion joints were completed. All flue ducts were also installed. The induced draft fan has been installed and operated successfully at full speed. The entire Combustor from forced draft fan through to the discharge port of the induced draft fan was pressurized to 5 psi and found to be leak free. The bed pre-heater, with associated air way control components was assembled. More sensors were also received and most cooling system components were received. Sensors for measuring fuel/bed material supply side operation are on hand, with design, specification and construction of fuel storage and transport components in process. The impact of HF addition seemed to follow the same trend as that of HCl. The enhanced Hg(0) oxidation by addition of HBr and HI did not appear to correlate to the catalytic effects by both SCR catalysts.
FUTURE WORK AND UPDATED SCHEDULE
Future Work
During the next quarter, work will focus on the following activities: 
Project Schedule
Based on the current status of the project, the project schedule for the remainder work is shown in Table 3 . 
